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[57] ABSTRACT

A process for the surface treatment of moldings based
on polyamides by treatment with an aqueous acid,

- wherein the aqueous acid used is a 30-85% strength

solution of HiPOg4 vields moldings which are readily
metallizable. Metallized moldings obtained by this pro-
cess are useful in the production of automobiles and in

the electronics industry.

6 Claims, No Drawings
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SURFACE TREATMENT OF POLYAMIDE
MOLDINGS

This application is a continuation of application Ser.
No. 07/527,941, filed on May 24, 1990, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention:

The present invention relates to a process for the
surface treatment of moldings based on polyamldes by
treatment with aqueous acids.

The present invention furthermore relates to mold-
ings obtainable by this process and their use for metalli-
zation, ie. for coating with metals.

2. Description of the Background

Polyamides belong to the class consisting of the engi-
neering plastics and are widely used in many areas.

In one interesting application, the area of metallized
materials, polyamides have however largely not been
used to date. This is due mainly to the inadequate adhe-
sion of the metal layer to the polyamide. This problem
is discussed in an article by Seidenspinner (Gal-
vanotechnik 75 (1984), 852) and various solutions, for
example treatment with aqueous hydrochloric acid, are
suggested. Galvanotechnik 79 (1988), 54 describes a
process for the surface treatment of polyamide injection
moldings, in which the surface is first activated 1n a bath
containing palladium salts and then roughened in a bath
containing calcium salts and aluminum salts. This pro-
cess uses expensive materials and is therefore economi-
cally disadvantageous on the one hand and on the other
hand the adhesive strengths achleved are still not com-
pletely satisfactory.

EP-A 56 986 discloses polyamide molding materials
which contain from 30 to 609 by weight of wollaston-
ite as a filler and are particularly suitable for metalliza-
- tion. The pretreatment is carried out using a 4-13%
strength solution of hydrochloric acid or sulfuric acid,
‘roughening of the surface being achieved through at-
tack on the filler particles, ie. the filler is essential for
achieving good adhesion between metal and polyamide.
Because of the high filler content, however, the quality
of the surface is adversely affected, which 1s disadvanta-
~ geous in applications in the decorative sector.

It is an object of the present invention to provide a
process for the surface treatment of moldings based-on
polyamides, which should subsequently be readily met-
allizable, the said process avoiding the disadvantages
described above.

SUMMARY OF THE INVENTION

We have found that this object is achieved, according
to the invention, by a process for the surface treatment
of moldings based on polyamides by treatment with an
aqueous acid, wherein the aqueous acid used 1s a
30-85% strength by weight solution of H3PQOg4. The
data in percentages by weight are based on a tempera-
ture of 20° C.; at higher temperatures, H3POj4 solutions
having a content of more than 85% by weight are also
obtainable.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The novel process is suitable for the surface treatment
of moldings based on polyamides, ie. moldings which
contain a thermoplastic polyamide as an important com-
ponent. The said polyamide may be modified with fill-
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2

ers, polymers which improve the impact strength, fur-
ther polymers or flameproofing agents.

Suitable polyamides are known per se and comprise
the semicrystalline and amorphous resins which have
weight average molecular weights of not less than 5,000
and are usually referred to as nylon. Such polyamides
are described in, for example, U.S. Pat. Nos. 2,071,250,
2,071,251, 2,130,523, 2,130,948, 2,241,322, 2,312,966,
2,512,606 and 3,393,210.

The polyamides can be prepared, for example, by
condensation of equimolar amounts of a saturated or of
an aromatic dicarboxylic acid of 4 to 12 carbon atoms
with a diamine of 4 to 14 carbon atoms, or by condensa-
tion of w-aminocarboxylic acids or polyaddition of lac-

tams. Examples of polyamides are polyhexame-
thyleneadipamide (nylon 66), polyhexame-
thyleneazelaamide (nylon 69), polyhexame-
thylenesebacamide  (nylon  610), polyhexame-

thylenedodecanediamine (nylon 612), the polyamides

obtained by subjecting lactams to ring-opening reac-

tions, such as polycaprolactam,polylaurolactam,poly-
11-aminoundecanoic acid and a polyamide obtained
from di-(p-aminocyclohexyl)-methane and dodecanedi-
oic acid. It is also possible to use polyamides which
have been prepared by copolycondensation of two or
more of the abovementioned polymers or their compo-
nents, for example a copolymer of caprolactam, tereph-
thalic acid and hexamethylenediamine. The polyamides
are preferably linear and have melting points of more
than 200° C.

Preferred polyamides are polyhexamethyleneadipa-
mide, polyhexamethylenesebacamide and polycaprolac-
tam. The polyamides generally have a relative viscosity
of from 2.5 to 5, determined using a 1% strength by
weight solution in 969 strength sulfuric acid at 23" C.
which corresponds to a weight average molecular
weight of from about 15,000 to about 45,000. Polyam-
ides having a relative viscosity of from 2.5 to 4.0, in
particular from 2.6 to 3.5, are preferably used.

Processes for the preparation of such polyamides are
known per se and are described in the literature.

Another group of particularly suitable polyamides
comprises the partly aromatic copolyamides described
in EP-A 299 444 and obtained from e-caprolactam,
terephthalic acid and hexamethylenediamine or adipic
acid, terephthalic acid and hexamethylenediamine. For
further details on these polyamides, reference may be
made to EP-A 299 444 itself.

Fillers, polymers which modify the impact strength
and flameproofing agents for polyamides are known per
se to the skilled worker and are described in the htera-
ture, so that no further information is required here.

A polymer blend of polyamide and polyphenylene
ether may be mentioned here merely as a typical exam-
ple of a blend of polyamide and another polymer.

The production of the moldings from the polyamide
molding materials described above can be carried out
by the methods known to the skilled worker, for exam-
ple by extrusion, injection molding or blow molding, to
mention but three methods. The processing conditions
depend of course on the composition of the polyamide
molding material and are known to the skilled worker.

The surface treatment of the moldings based on poly-.
amides is carried out with the aid of a 30-85, preferably
40-75, 9% strength by weight solution of phosphoric
acid (HiPOg4). The duration and temperature of the
treatment are interdependent; the higher the tempera-
ture, the shorter, as a rule, 1s the duration of treatment.
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A temperature of from 10° to 60° C,, in particular
from 15° to 45° C,, is preferred.

The duration of treatment is preferably from 5 to 120
s, in particular from 10 to 60 s, particularly preferably
from 10 to 30 s.

In has proven advantageous if, at a concentration of
phosphoric acid of from 40 to 75% by weight, the prod-
uct of the treatment temperature in degrees Centigrade
and the duration of treatment in seconds is from 200 to

geously freed from adhering acid radicals by washing in
water.

J

4
Thereafter, the moldings can be metallized in a con-
ventional manner known per se. |
For this purpose, as a rule activation is first carried
out, then reduction and thereafter chemical metalliza-
tion, which is followed by electroplating as a final step.
The products obtained possess particularly high ad-
hesive strength, in general from 1.25 to 5 N/mm (mea-
sured according to DIN 53,289 by the floating roller
peel test). The products, which have been pretreated

2,400, since particularly good adhesion is achieved in 10 with aqueous H3PQOy4 and the additives a) to c), have a
the metallization of moldings pretreated in this manner. generally smooth, scarcely roughened surface and
It has also proven advantageous if the phosphoric achieve high as well as uniform adhesive strengths over
acid used for the surface treatment contains further the entire surface of the molding.
additives. As a result of the treatment with the phosphoric acid,
Examples of further additives are 15 the amino groups of the polyamide which are present in
a) aqueous.solutions of a polyvinylimidazole contalmng the surface layer are modified by reaction with H3POs,
cationic groups or not less than 5 mol % of the amino groups originally
b) organic ethers of the general formula present being changed in a surface layer not more than
100 um thick in order to achieve particularly good
R20—(CH;),—OR!, 20 - results.
| From the above, it is evident that the novel moldings
where R! and R? are each hydrogen, C;-Cjo-alkyl or are particularly suitable for subsequent metallization.
aryl and n is an integer of from 2 to 10, or The metallized moldings thus obtained can be used in
c) chlorides of a divalent or tetravalent metal. many areas, for example in the automotive sector or in
_Accordlng to the invention, polyvinylimidazoles con- 35 the field of electrical engineering and electronics. The
taining cationic groups should be understood as mean-  yse of moldings based on partly aromatic copolyamides
ir!g polyvinylimidazoles which contain a quaternary according to EP-A 299 444 for the production of injec-
nitrogen cation. tion molded printed circuit boards may be mentioned in
Such additives are generally known and are commer- particular here.
cially available (eg. Basotronic ® PVI). For further 30 Moreover, moldings treated by the novel process can
details, reference may be made to DE-A 37 43 740 and also readily be coated and printed.
to DE-A 37 43 741, DE-A 37 43 742, DE-A 37 43 743
and DE-A 37 43 744, which describe further polymers EXAMPLES
which_c_ontain quaternary groups and can also be used A 2.0 mm thick sheet of a partly aromatic copoly-
as additive a). 35 amide composed of units derived from e-caprolactam
OrganIE: ethers of the above general formula prefera- and terephthalic acid/hexamethylenediamine in a
bly contain a hydrogen R! or R? and have n=2, ethyl- weight ratio of 70:30 (prepared according to Example 1
ene glycol monomethyl ether being particularly pre- of EP-A 299 444), having a relative viscosity of 2.50,
ferred. | measured in 96% strength H,SO4 (1 g/100 ml) at 25° C.,
The additives a) or b) are present in amounts of from 49 was treated with an aqueous solution of H3POs, which
0.1 to 30, prefergbly from 0.5 to 20, in particglar from 1 was at the temperature stated in the Table, for the peri-
to 15, % by weight, based on 100% by weight of the  ods stated in the Table. Thereafter, the sheet obtained
- surface treatment solution. Furthermore, mixtures of  swas washed with distilled water and dried.
additives a) and b) can also be used, any mixing ratio Metallization was carried out in a manner known per
being possible. _ 45 se, a 25~-50 pm thick copper layer being obtained on the
Examples of additives c) are chlorides of zinc and of polyamide sheet as the end result.
tin, which are present in amounts of from 0.1t0 108, The results of the floating roller peel test according to
preferably from 0.2 to 8 g, based on 11 of aqueous  DJIN 53,289 and the thermal cycling test according to
H3POq. | DIN 53,496 are likewise shown in the Table.
After the pretreatment, the moldings are advanta- sp For comparison, identical polyamide sheets were

pretreated with aqueous solutions of other acids (ac-
cording to the Table) and metallized in an identical
manner. The results are likewise shown in the Table.

TABLE

Experi-
ment No. Acid used

Temp.

Mean peel resistance
N/mm (according to

DIN 53,289)

Thermal cycling test
(according to

DIN 53,496)

Treatment
Time

m

1 H3POy4 conc. RT2) 20 sec ~>3.0 Passed
2 70% of HiPOy 40° C. 10 sec 0.5-0.8 Passed
3 70% of H3PO4 40° C. 20 sec 1.5-3.0 Passed
4 - 70% of H3POy4 40° C. 30 sec - 2.0-4.5 Passed
5 95% by wt. of 859% H3PO4 + RT 20 sec 1.1-1.3 Passed
5% by wt. of additive a)
6*) 95% by wt. of 70% H3PO4 + RT 300 sec 1.1-1.3 Passed
5% by wt. of additive a)
7 90% by wt. of 859% H3POy4 + RT 30-60 sec 0.6-0.9 Passed
10 % by wi. of additive b)
8 859% by wt. of 85% HiPO4 + RT J0-60 sec 0.6-0.9 Passed

15% by wt. of additive b)
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TABLE-continued

6

Mean peel resistance

Thermal cycling test

Experi- Treatment N/mm (according to (according to
ment No. Acid used Temp. Time DIN 53,289) DIN 53,496)
9*) - B59% by wt. of 709 H3iPO4 + RT 300 sec 0.6-0.9 Passed
15% by wi. of additive a) ~
10V HC! conc. 30° C. 20 sec — 1 Not passed
11V 209 HCI RT 10-1200 sec <0.1 Not passed
12V H>80;, RT 10-420 sec <0.1 Not passed
13V Chromosulfuric acid RT 20 sec -1 Not passed
14V HCOOH (75% by wt.) RT 420 sec 0.1-0.3 Not passed
15V CH3COOH conc. RT 10-1800 sec <0.1 Not passed
16V HNQO; conc. RT 20 sec <0.1 Not passed
17V CCl13COOH conc. 60° C. 30 sec <0.1 Not passed
18V NaOCl + HCI conc. 60° C. 10-7200 sec <0.T

Not passed

= Comparative Experiment
”Nn adhesion measurable since molding is destroyed by acid used

2JJRT = Room temperature (21° C.)

*)Experiments 6 and 9 were GptlleCd to automated processes with a 5 minute cycle (residence time in the pretreatment bath).
Additive a) poyvinylimidazole containing quaternary nitrogen cation (40% strength solution in water)

Additive b) ethylene glycol monotethyl ether

We claim:

1. A process for treating a surface of a polyamide 23

molding, comprising

(i) contacting said surface w1th an aqueous acid,
wherein said aqueous acid 1s a 30 to 85% strength
by weight solution of H3PO4 and wherein said
H3PQ4 solution further comprises an additive se-
lected from the group consisting of
a) a polyvinylimidazole containing cationic groups,
b) an organic ether, and
c) a chloride of a divalent or tetravalent metal, to

obtain a treated surface; and

(11) metallizing said treated surface.
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2. A process as claimed in claim 1, wherein said con-
tacting with H3PQy is carried out at a temperature of
from 10° to 60° C. -

3. A process as claimed in claim 1, wherein said con-
tacting with H3POy is carried out for a period of time of
from 5 to 120 sec. |

4. A process as claimed in claim 1, wherein said
H3POg4solution comprises from 0.1 to 30% by weight of
an aqueous solution of a polyvinylimidazole containing
cationic groups.

5. A process as claimed in claim 1, wherein said
H3PQO4 solution comprises from 0.1 to 10 g/l of a chlo-
ride of a divalent or tetravalent metal.

6. A process as claimed i1n claim 1, wherein said
H3POg4solution comprises from 0.5 to 309 by weight of

an organic ether.

¥ % *x % %
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